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(57) Provided is a transparent conductive
film-equipped glass substrate that, during patterning by
laser of a transparent conductive film formed on an un-
derlying glass layer, can prevent the transparent conduc-
tive film or the underlying glass layer from being discolor-
ed or damaged, and a manufacturing method thereof. A
transparent conductive film-equipped glass substrate 6
includes a glass substrate, an underlying glass layer pro-
vided on the glass substrate, and a transparent conduc-
tive film 3 provided on the underlying glass layer and
subjected to patterning by laser. The underlying glass
layer has an absorptance of a wavelength of the laser
lower than the transparent conductive film 3 and higher
than the glass substrate. A patterned region 10 formed
by removing part of the transparent conductive film 3 by
the patterning by laser includes a first linear portion 11,
a second linear portion 12, and a connecting portion 13
connecting between the first linear portion 11 and the
second linear portion 12. The first linear portion 11 and
the second linear portion 12 form an angle of 120° or less
with each other. The connecting portion 13 has a radius
of curvature of 0.5 mm or more.
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Description

[Technical Field]

[0001] The present invention relates to transparent
conductive film-equipped glass substrates and methods
for manufacturing the same.

[Background Art]

[0002] In relation to plasma displays, electrolumines-
cent devices, and the like, it is known that a transparent
conductive film for use as an electrode is formed on a
transparent substrate, such as a glass substrate, and the
transparent conductive film is subjected to patterning by
laser (Patent Literatures 1 and 2).
[0003] In the case of organic electroluminescent de-
vices or the like, in order to increase the light extraction
efficiency, an underlying glass layer having a higher re-
fractive index than the glass substrate may be provided
between the glass substrate and the transparent conduc-
tive film.

[Citation List]

[Patent Literature]

[0004]

[PTL 1] JP-A-2007-207554
[PTL 2] JP-A-2006-267834

[Summary of Invention]

[Technical Problem]

[0005] The inventors have found a problem that when
the underlying glass layer is provided, the transparent
conductive film or the underlying glass layer is likely to
be discolored or damaged during patterning of the trans-
parent conductive film by laser.
[0006] An object of the present invention is to provide
a transparent conductive film-equipped glass substrate
that, during patterning by laser of a transparent conduc-
tive film formed on an underlying glass layer, can prevent
the transparent conductive film or the underlying glass
layer from being discolored or damaged, and a manu-
facturing method thereof.

[Solution to Problem]

[0007] A transparent conductive film-equipped glass
substrate according to the present invention is a trans-
parent conductive film-equipped glass substrate includ-
ing a glass substrate, an underlying glass layer provided
on the glass substrate, and a transparent conductive film
provided on the underlying glass layer and subjected to
patterning by laser, the underlying glass layer has an

absorptance of a wavelength of the laser lower than the
transparent conductive film and higher than the glass
substrate, a patterned region formed by removing part
of the transparent conductive film by the patterning by
laser includes a first linear portion, a second linear por-
tion, and a connecting portion connecting between the
first linear portion and the second linear portion, the first
linear portion and the second linear portion form an angle
of 120° or less with each other, and the connecting portion
has a radius of curvature of 0.5 mm or more.
[0008] Examples of the underlying glass layer include
those containing bismuth-based glass.
[0009] Examples of the underlying glass layer include
those having a higher refractive index than the glass sub-
strate.
[0010] An example of the laser that can be used is fem-
tosecond laser.
[0011] Asperities are preferably formed on a surface
of the glass substrate on which the underlying glass layer
is provided.
[0012] The transparent conductive film-equipped
glass substrate according to the present invention is
used, for example, as a glass substrate for an organic
electroluminescent device.
[0013] A manufacturing method according to the
present invention is a method that enables the manufac-
ture of the above transparent conductive film-equipped
glass substrate according to the present invention, the
method including the steps of: producing the glass sub-
strate on which the transparent conductive film before
being subjected to the patterning is formed on the under-
lying glass layer; and applying the laser to the transparent
conductive film to scan the first linear portion, the con-
necting portion, and the second linear portion in this order
or reverse order with the laser, thus forming the patterned
region.

[Advantageous Effects of Invention]

[0014] According to the present invention, during pat-
terning by laser of a transparent conductive film formed
on an underlying glass layer, the transparent conductive
film and the underlying glass layer can be prevented from
being discolored or damaged.

[Brief Description of Drawings]

[0015]

[Fig. 1]
Fig. 1 is a schematic cross-sectional view showing
a transparent conductive film-equipped glass sub-
strate according to one embodiment of the present
invention.
[Fig. 2]
Fig. 2 is a schematic plan view showing the trans-
parent conductive film-equipped glass substrate ac-
cording to the one embodiment of the present inven-
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tion.
[Fig. 3] Fig. 3 is a schematic plan view showing on
an enlarge scale a first linear portion, a second linear
portion, and a connecting portion shown in Fig. 2.
[Fig. 4] Fig. 4 is a schematic plan view showing on
an enlarge scale a first linear portion, a second linear
portion, and a connecting portion in a comparative
example.

[Description of Embodiments]

[0016] Hereinafter, a description will be given of a pre-
ferred embodiment. However, the following embodiment
is merely illustrative and the present invention is not lim-
ited to the following embodiment. Throughout the draw-
ings, members having substantially the same functions
may be referred to by the same reference characters.
[0017] Fig. 1 is a schematic cross-sectional view show-
ing a transparent conductive film-equipped glass sub-
strate according to one embodiment of the present in-
vention. Fig. 2 is a schematic plan view showing the trans-
parent conductive film-equipped glass substrate accord-
ing to the one embodiment of the present invention. Fig.
1 is a schematic cross-sectional view taken along the line
I-I shown in Fig. 2. As shown in Fig. 1, a transparent
conductive film-equipped glass substrate 6 according to
this embodiment includes a glass substrate 1, an under-
lying glass layer 2 provided on a principal surface 1a of
the glass substrate 1, and a transparent conductive film
3 provided on a principal surface 2a of the underlying
glass layer 2. Asperities are formed on the principal sur-
face 1a of the glass substrate 1. Therefore, the underlying
glass layer 2 is provided on the principal surface 1a hav-
ing asperities formed thereon.
[0018] Formed in the transparent conductive film 3 is
a patterned region 10 formed by removing part of the
transparent conductive film 3 by patterning using laser.
The transparent conductive film 3 is divided by the pat-
terned region 10 into a first electrode 4 and a second
electrode 5.
[0019] The transparent conductive film-equipped
glass substrate 6 according to this embodiment can be
used, for example, as a glass substrate for an organic
electroluminescent device. When it is used as a glass
substrate for an organic electroluminescent device, an
organic electroluminescent layer is provided on the top
of the transparent conductive film-equipped glass sub-
strate 6. Light emitted from the organic electrolumines-
cent layer due to the production of luminescence in the
organic electroluminescent layer passes through the
transparent conductive film 3 and the glass substrate 1
and is then extracted to the outside. The underlying glass
layer 2 is provided between the transparent conductive
film 3 and the glass substrate 1 in order to increase the
extraction efficiency of light emitted from the organic elec-
troluminescent layer.
[0020] To be specific, generally, the organic electrolu-
minescent layer has a refractive index nd of about 1.8 to

1.9, the transparent conductive film 3 has a refractive
index nd of about 1.9 to 2.0, and the glass substrate 1
normally has a refractive index nd of about 1.5. Therefore,
if the underlying glass layer 2 is not provided, the differ-
ence in refractive index between the glass substrate 1
and the transparent conductive film 3 is large, so that
light from the organic electroluminescent layer is reflect-
ed at the interface between the glass substrate 1 and the
transparent conductive film 3 and thus cannot efficiently
be extracted to the outside.
[0021] When, as in this embodiment, the underlying
glass layer 2 is provided between the glass substrate 1
and the transparent conductive film 3 to bring the refrac-
tive index nd of the underlying glass layer 2 close to the
refractive index nd of the transparent conductive film 3,
the above-mentioned light reflection can be reduced, so
that the light can be efficiently extracted to the outside.
Therefore, the underlying glass layer 2 is generally made
of a glass having a higher refractive index nd than the
glass substrate 1, for example, having a refractive index
of 1.8 to 2.2. Examples of such a glass include bismuth-
based glasses. The bismuth-based glasses include
glasses containing 10% by mole or more Bi2O3 in a glass
composition.
[0022] Specific examples of compositions of the bis-
muth-based glasses include a glass containing, in % by
mole, 10 to 35% Bi2O3, 20 to 35% B2O3, over 5 to 35%
SiO2, 0 to 10% Al2O3, 0 to 10% ZnO, and 1 to 8% ZrO2,
and a glass containing, in % by mole, 10 to 35% Bi2O3,
20 to 35% B2O3, 21 to 45% SiO2+Al2O3, 0 to 10% ZnO,
and 0.1 to 10% ZrO2. Herein, "SiO2+Al2O3" means the
sum of the contents of SiO2 and Al2O3.
[0023] Furthermore, when, as in this embodiment, as-
perities are formed on the principal surface 1a of the glass
substrate 1, light reflection at the interface between the
underlying glass layer 2 and the glass substrate 1 can
be reduced, so that the light can be more efficiently ex-
tracted to the outside. The glass substrate 1 having as-
perities formed on the principal surface 1a thereof can
be produced, for example, by subjecting a glass plate
having a flat surface to processing, such as sandblasting,
sol-gel spraying or etching. Alternatively, the above glass
substrate can be produced by subjecting a glass plate to
press forming using a die having asperities formed on
the surface or by roll-forming molten glass using a roll
having asperities formed on the surface.
[0024] The surface roughness Ra of the principal sur-
face 1a is, for example, preferably within a range of 0.05
to 2 mm and more preferably within a range of 0.05 to
1.5 mm. If the surface roughness Ra of the principal sur-
face 1a is too small, a sufficient light extraction efficiently
may not be able to be achieved. On the other hand, if the
surface roughness Ra of the principal surface 1a is too
large, a sufficient light extraction efficiently may not be
able to be achieved and the thickness of the underlying
glass layer 2 may have to be increased than necessary.
[0025] Examples of the transparent conductive film 3
that can be used include thin films of composite oxides
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having electrical conductivity, such as indium tin oxides
(ITO), aluminum zinc oxides (AZO), indium zinc oxides
(IZO), and fluorine-doped tin oxides (FTO). Indium tin
oxides are particularly preferably used.
[0026] No particular limitation is placed on the type of
the glass substrate 1 so long as it does not reduce the
light extraction efficiency.
[0027] In the present invention, the transparent con-
ductive film 3 is patterned by laser to remove part of the
transparent conductive film 3, thus forming the patterned
region 10. The laser that is used is a laser as to the wave-
length of which the transparent conductive film 3 has a
high absorptance. For example, an ITO film exhibits high
absorptance of wavelengths of 1000 nm or more. There-
fore, the ITO film can be patterned using laser having a
wavelength of 1000 nm or more to partly remove the ITO
film by laser irradiation, thus forming a patterned region
10.
[0028] As described previously, the inventors have
found that, during patterning by laser of the transparent
conductive film 3 to remove part of the transparent con-
ductive film 3 by laser irradiation, the transparent con-
ductive film 3 or the underlying glass layer 2 may be dis-
colored or damaged. They have found that such discol-
oration or damage is likely to occur particularly at corners
at which the scanning direction of the laser changes to
a perpendicular direction. They also have found from
studies on the reason for this that when the laser scan-
ning direction changes to a perpendicular direction, the
scanning speed decreases, the laser irradiation time thus
becomes relatively long, so that heat is accumulated at
the portions to discolor or damage the portions. Further-
more, they have found that because the underlying glass
layer 2 also has a high absorptance of the wavelength
of the laser, the above phenomenon occurs.
[0029] Therefore, in the present invention, the under-
lying glass layer 2 has an absorptance of the wavelength
of the laser lower than that of the transparent conductive
film 3 and higher than that of the glass substrate 1. The
absorptance of the underlying glass layer 2 as to the
wavelength of the laser is preferably within a range of 10
to 60% of that of the transparent conductive film 3 and
more preferably within a range of 10 to 30% thereof.
[0030] No particular limitation is placed on the wave-
length of the laser so long as the transparent conductive
film 3 has a high absorptance of the wavelength. The
wavelength of the laser is, for example, preferably 1000
nm or more, more preferably 1300 nm or more, and still
more preferably 1500 nm or more. No particular limitation
is placed on the upper limit of the wavelength of the laser,
but the wavelength of the laser is generally not more than
2000 nm.
[0031] The laser is preferably sub-10-picosecond
pulse laser, more preferably subpicosecond, ultrashort
pulse laser, and particularly preferably laser laser. By the
use of laser having such a short pulse width, a multipho-
ton absorption phenomenon is generated, so that pat-
terning can be achieved without diffusing heat to the sur-

rounding portions.
[0032] The spot diameter of the laser is preferably with-
in a range of 20% to 100% of the width of the patterned
region and more preferably within a range of 50% to
100% thereof.
[0033] The laser is generally applied in the direction of
thickness of the transparent conductive film 3 (z direction)
from the transparent conductive film 3 side.
[0034] Fig. 2 is a schematic plan view showing the
transparent conductive film-equipped glass substrate ac-
cording to the one embodiment of the present invention.
The transparent conductive film-equipped glass sub-
strate 6 shown in Fig. 2 represents a patterned circuit of
the transparent conductive film 3 corresponding to one
organic electroluminescent device. The transparent con-
ductive film-equipped glass substrate 6 shown in Fig. 2
is a piece of glass substrate of a mother glass substrate,
in which other organic electroluminescent devices are
formed next to the piece of glass substrate.
[0035] As shown in Fig. 2, linear patterned regions 30
and 40 are formed to extend in the x direction and linear
patterned regions 50 and 60 are formed to extend in the
y direction orthogonal to the linear patterned regions 30
and 40. The transparent conductive film 3 is separated
from transparent conductive films of adjacent devices by
the above patterned regions 30, 40, 50, and 60.
[0036] The patterned region 10 shown in Fig. 1 is
formed in the transparent conductive film 3. The trans-
parent conductive film 3 is divided by the patterned region
10 to form a first electrode 4 and a second electrode 5.
For example, the first electrode 4 and the second elec-
trode 5 can be used as an anode and a cathode, respec-
tively. The second electrode can be connected to an elec-
tron-injection electrode provided on the top of the organic
electroluminescent layer.
[0037] As shown in Fig. 2, the patterned region 10 in-
cludes a first linear portion 11 extending in the x direction
and a second linear portion 12 extending in the y direc-
tion. The first linear portion 11 and the second linear por-
tion 12 are connected by a connecting portion 13. The
patterned region 10 further includes a second linear por-
tion 14 extending in the y direction and the second linear
portion 14 and the first linear portion 11 are connected
by a connecting portion 15.
[0038] Furthermore, the patterned region 10 also in-
cludes a first linear portion 16 extending in the x direction
and the first linear portion 16 and the second linear por-
tion 12 are connected by a connecting portion 17. More-
over, the patterned region 10 also includes a first linear
portion 18 extending in the x direction and the first linear
portion 18 and the second linear portion 14 are connected
by a connecting portion 19.
[0039] The patterned region 10 further includes a sec-
ond linear portion 21 extending in the y direction and the
second linear portion 21 and the first linear portion 16
are connected by a connecting portion 22. Furthermore,
the patterned region 10 also includes a second linear
portion 23 extending in the y direction and the second
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linear portion 23 and the first linear portion 18 are con-
nected by a connecting portion 24.
[0040] Fig. 3 is a schematic plan view showing on an
enlarge scale the first linear portion 11, the second linear
portion 12, and the connecting portion 13 shown in Fig.
2. As shown in Fig. 3, the first linear portion 11 and the
second linear portion 12 are formed so that the angle
formed between them is θ. In this embodiment, the angle
θ is 90°. The angle θ formed by the first linear portion 11
and the second linear portion 12 in the present invention
is not limited to the above and only has to be not more
than 120°. The angle θ formed by the first linear portion
11 and the second linear portion 12 is preferably within
a range of 80° to 100°.
[0041] The connecting portion 13 connecting between
the first linear portion 11 and the second linear portion
12 is formed into an arc in this embodiment. In the present
invention, the radius of curvature of the connecting por-
tion 13 is 0.5 mm or more. The radius of curvature of the
connecting portion 13 is preferably 1.0 mm or more. Since
the radius of curvature of the connecting portion 13 is
within the above range, the transparent conductive film
3 and the underlying glass layer 2 can be more effectively
prevented from being discolored or damaged. If the ra-
dius of curvature of the connecting portion 13 is too large,
the patterned region may be difficult to form. Therefore,
the radius of curvature of the connecting portion 13 is
preferably not more than 5.0 mm and more preferably
not more than 3.0 mm.
[0042] Fig. 4 is a schematic plan view showing on an
enlarge scale a first linear portion 11, a second linear
portion 12, and a connecting portion 34 in a comparative
example. In the comparative example shown in Fig. 4,
the connecting portion 34 connecting between the first
linear portion 11 and the second linear portion 12 is not
formed into an arc having a radius of curvature of 0.5 mm
or more. When in this case the first linear portion 11, the
connecting portion 34, and the second linear portion 12
are scanned in this order by laser or the second linear
portion 12, the connecting portion 34, and the first linear
portion 11 are scanned in this order by laser, there arises
a moment when the laser does not move at the connect-
ing portion 34 in either the x direction or the y direction.
Therefore, a site appears where the laser stays for a long
time. Heat is accumulated in the site, so that the trans-
parent conductive film 3 or the underlying glass layer 2
is discolored or damaged.
[0043] In contrast, when as shown in Fig. 3 the con-
necting portion 13 is formed into an arc having a radius
of curvature of 0.5 mm or more, laser passes along the
connecting portion 13 while always moving in at least
either the x direction or the y direction and no site appears
where the laser stays for a long time. Therefore, the trans-
parent conductive film 3 and the underlying glass layer
2 can be prevented from being discolored or damaged.
[0044] Although the description of the connecting por-
tion 13 has been given with reference to Figs. 3 and 4,
the connecting portions 15, 17, 19, 22, and 24 shown in

Fig. 2, each formed into an arc having a radius of curva-
ture of 0.5 mm or more, like the connecting portion 13,
can prevent the transparent conductive film 3 or the un-
derlying glass layer 2 from being discolored or damaged
at these portions.
[0045] Although the description with reference to Fig.
2 has been given by defining the linear portions extending
in the x direction as first linear portions and defining the
linear portions extending in the y direction as second lin-
ear portions, the present invention is not limited to this
definition. The linear portions extending in the y direction
may be defined as first linear portions and the linear por-
tions extending in the x direction may be defined as sec-
ond linear portions.

[Reference Signs List]

[0046]

1......glass substrate
1a......principal surface
2......underlying glass layer
2a......principal surface
3......transparent conductive film
4......first electrode
5......second electrode
6......transparent conductive film-equipped glass
substrate
10, 30, 40, 50, 60......patterned region
11, 16, 18......first linear portion
12, 14, 21, 23......second linear portion
13, 15, 17, 19, 22, 24, 34......connecting portion

Claims

1. A transparent conductive film-equipped glass sub-
strate including a glass substrate, an underlying
glass layer provided on the glass substrate, and a
transparent conductive film provided on the under-
lying glass layer and subjected to patterning by laser,
the underlying glass layer having an absorptance of
a wavelength of the laser lower than the transparent
conductive film and higher than the glass substrate,
wherein a patterned region formed by removing part
of the transparent conductive film by the patterning
by laser includes a first linear portion, a second linear
portion, and a connecting portion connecting be-
tween the first linear portion and the second linear
portion, the first linear portion and the second linear
portion form an angle of 120° or less with each other,
and the connecting portion has a radius of curvature
of 0.5 mm or more.

2. The transparent conductive film-equipped glass sub-
strate according to claim 1, wherein the underlying
glass layer contains bismuth-based glass.
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3. The transparent conductive film-equipped glass sub-
strate according to claim 1 or 2, wherein the under-
lying glass layer has a higher refractive index than
the glass substrate.

4. The transparent conductive film-equipped glass sub-
strate according to any one of claims 1 to 3, wherein
the laser is femtosecond laser.

5. The transparent conductive film-equipped glass sub-
strate according to any one of claims 1 to 4, wherein
asperities are formed on a surface of the glass sub-
strate on which the underlying glass layer is provid-
ed.

6. The transparent conductive film-equipped glass sub-
strate according to any one of claims 1 to 5, being a
glass substrate for an organic electroluminescent
device.

7. A method for manufacturing the transparent conduc-
tive film-equipped glass substrate according to any
one of claims 1 to 6, the method comprising the steps
of:

producing the glass substrate on which the
transparent conductive film before being sub-
jected to the patterning is formed on the under-
lying glass layer; and
applying the laser to the transparent conductive
film to scan the first linear portion, the connecting
portion, and the second linear portion in this or-
der or reverse order with the laser, thus forming
the patterned region.
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